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(54) INFRARED LIGHT SOURCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the durability 
and the response to at temperature rise or fall by 
making a diamond film a constituent. 
SOLUTION: A P-type semiconductor diamond film 2P is 
vapor-phase- synthesized on an insulating substrate 1, 
using a microwave CVD. And the insulating substrate 1 
on which the P-type semiconductor diamond film 2P has 
been formed is taken out, and the central part 2a of the 
P-type semiconductor diamond film 2P is made to have 
a thin and long beltlike meandering shape stretching over 
a specified length, and this central part 2a makes a 
luminous part. Next, the insulating substrate 1 where the 
luminous part 2a has been formed is set in a vacuum 
evaporation apparatus, and Pt is deposited on the upper 
surface of the P-type semiconductor diamond film 2P on 
both sides of the luminous part 2a and electrodes 3 are 
formed. By etching and removing its corresponding part 
to the luminous part 2a in addition, an infrared light 
source L is obtained. And the luminous part 2a 

generates heat and emits light and desired infrared rays are emitted, by applying a voltage to 
the electrode 3. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The infrared light source characterized by using the diamond film as a 
component. 

[Claim 2] The infrared light source according to claim 1 which is the diamond film 
with which gaseous-phase composition of the source of luminescence is carried out 
[Claim 3] The infrared light source according to claim 1 whose source of 
luminescence is the structure which the diamond film and a conductive thin film 
stuck. 

[Claim 4] The infrared light source according to claim 1 to 3 only independence 
nature or whose light-emitting part the diamond film is independence nature. 
[Claim 5] The infrared light source according to claim 1 to 4 all or some of whose 
diamond film is the p type semiconductor by which the boron dope was carried out. 
[Claim 6] The infrared light source according to claim 1 to 5 in which the diamond 
film has the structure where the laminating of a p type semiconductor layer and the 
undoping layer was carried out. 

[Claim 7] The infrared light source according to claim 3 whose diamond film is 
undoping film of electric insulation. 

[Claim 8] The infrared light source containing at least one or more elements with 
which the electrode material was chosen from platinum, gold, molybdenum, nickel, a 
tungsten, and titanium according to claim 1 to 7. 

[Claim 9] the boron doping concentration in the diamond film — 3-1022/cm3 of 
1016-/cm ** — claims 1 and 2 which are the said concentration, and the infrared 
light source given in either 4-7. 

[Claim 10] the boron doping concentration in the diamond film directly under an 
electrode — 3-t023/cm3 of 1020-/cm ** — claims 1 and 2 which are the said high 
concentration, and the infrared light source given in either 4-7. 
[Claim 11] The thickness of the conductive thin film vapor-deposited by the 
diamond film has predetermined thickness in a self^standing diamond part, and it is 
the infrared light source [ thicker than said self-standing diamond part ] according 
to claim 3 in parts other than this. 

[Claim 12] The infrared light source according to claim 1 to 11 which measures or 
presumes the temperature of a light-emitting part, and controls a light-emitting part 
by measuring electric resistance. 



[Claim 13] The infrared light source according to claim 1 to 12 by which two or more 
light-emitting parts are formed on the same substrate. 

[Claim 14] the diamond film — or (100) (111) the infrared light source according to 
claim 1 to 13 which is your kind consideration tropism film by which orientation was 
carried out. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the infrared light source used for an 

infrared gas analyzer etc. 

[0002] 

[Description of the Prior Art] Generally, as the infrared light source used for an 
infrared gas analyzer, it is called for that wandering of luminescence is small, and 
degradation is small with time, and the time amount to stable luminescence is short. 
In this infrared light source, in order to obtain the infrared emission, in an infrared 
field with a wavelength of 2-10 micrometers, the electrical potential difference is 
impressed so that filament temperature may become about 600-800 degrees C. 
[0003] Conventionally, there are that by which the filament of a light-emitting part 
coiled metal wires, such as a tungsten (W) and a platinum (Pt) line, around the coiled 
form, a thing which raised the luminous efficiency in an infrared field by covering a 
coil front face with ceramics, such as an alumina, as this kind of the infrared light 
source. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned infrared 
light source needed to take into consideration degradation of the filament part of a 
light-emitting part with time, generating of mechanical distortion of each part by the 
temperature rise, etc., and when miniaturizing and microfilming, it had become a 
failure. Moreover, in order that a temperature resistance coefficient might show the 
negative characteristic in the case of a stainless steel coil, there was a fault of 
being easy to produce temperature distribution. 

[0005] On the other hand, although to form the filament of a metal thin film or 
silicon (Si) on an insulating substrate is tried using the semi-conductor wafer 
process, while endurance and stability in an elevated-temperature field which were 
described above are missing, the responsibility in ** and a temperature fall is 



inadequate as the infrared light source. 

[0006] This invention was made with careful attention to the above-mentioned 
matter, and that purpose is offering the compact infrared light source excellent in 
endurance or the responsibility in ** and a temperature fall. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
this invention uses the diamond which vapor-deposited the resistor of a 
semi-conductor diamond or a non-diamond ingredient. 
[0008] 

[Embodiment of the Invention] The infrared light source of this invention is using the 
diamond film as the. component. 

[0009] In this case, the source of luminescence may be formed by the diamond film 
by which gaseous-phase composition is carried out. 

[0010] You may make it the structure which the diamond film and a conductive thin 
film stuck, and the diamond film may be undoping film of electric insulation in this 
case. 

[0011] And the diamond film may be independence nature and only a light-emitting 
part may be independence nature. When it does in this way, all or a part of base 
member can be omitted. 

[0012] Moreover, all or some of diamond film may be the p type semiconductor by 
which the boron (B) dope was carried out. The resistivity of a diamond falls by doing 
B dope of. 

[0013] Furthermore, the diamond film may have the structure where the laminating 
of a p type semiconductor layer and the undoping layer was carried out. When it 
does in this way, a p type semiconductor layer grows homoepitaxially and a film 
property becomes homogeneity. And even if an undoping layer commits the 
passivation of a p type semiconductor layer and a front face is somewhat etched 
with the oxygen in atmospheric air by carrying out the laminating of the undoping 
layer to the top face of a p type semiconductor layer further, a p type 
semiconductor layer is not affected. 

[0014] Be [ what is necessary / just although at least one or more elements chosen 
from platinum (Pt), gold (Au), molybdenum (Mo), nickel (nickel), a tungsten (W), and 
titanium (Ti) are included as an electrode material ], it is most desirable to use Pt 
alone. 

[0015] B doping concentration in the diamond film is 3-1022/cm3 of 1016-/cm. The 
said concentration is desirable. For this, said concentration is 1016-/cm3. If low, it 



will become high resistance, and it is 1022-/cm3. When it exceeds, it is because the 
crystallinity of the diamond film worsens. 

[0016] Moreover, B doping concentration in the diamond film directly under an 
electrode is 3-1023/cm3 of 1020-/cm. The said high concentration is desirable. This 
is because contact resistance falls by doping directly under an electrode to high 
concentration (heavy dope). In this case, since 1 micrometer or less of the thickness 
of a heavy dope layer is sufficient, crystallinity may fall. 

[0017] In a selFstanding diamond part, the thickness of the conductive thin film 
vapor-deposited by the diamond film has predetermined thickness, and may form in 
parts other than this more thickly than said self-standing diamond part. 
[0018] The temperature of a light-emitting part is measured or presumed, and it may 
be made to control a light-emitting part by measuring electric resistance. 
[0019] Two or more light-emitting parts may be formed on the same substrate. 
[0020] the diamond film — or (100) (111) it is good also as your kind consideration 
tropism film by which orientation was carried out. 

[0021] A diamond is excellent in thermal resistance, the single crystal cannot 
deteriorate at the elevated temperature to 1200 degrees C in a non-oxidizing 
atmosphere, either, but the polycrystal film formed by the vapor phase synthetic 
method can also bear about 700-800 degrees C in atmospheric air. Moreover, the 
thermal conductivity near a room temperature has the description of being the max 
in the matter. 

[0022] A diamond can carry out [ semi-conductor ]-izing by impurity doping, 
although a band gap is usually an insulator greatly (5.5eV). Moreover, dielectric 
breakdown voltage and saturation drift velocity are large, and have the outstanding 
electrical characteristics that a dielectric constant is small. According to such a 
description, the diamond is expected as an electron device sensor material an 
elevated temperature, high frequency, and for quantity electric fields. 
[0023] Moreover, application to the surface acoustic wave device which employed 
efficiently the property that it is the hardest in the heat dissipation substrate 
ingredient using the photosensor corresponding to short wavelength fields, such as 
ultraviolet rays for which the band gap used the large thing, having the application to 
a light emitting device and large thermal conductivity, and the specific heat being 
small, and the matter, application to the X-ray aperture and optical material using 
high light transmission nature and refractive index, etc. are advanced. Furthermore, 
the diamond is used also for the wear-proof section of a tool. 

[0024] A temperature sensor is in application of the thermal resistance of a diamond, 



and a semi-conductor property. Moreover, filament structure is formed with a 
semi-conductor diamond thin film, and using as a heater with energization heating is 
also considered (for example, refer to JP,7-161455,A). 

[0025] as the vapor phase synthetic method of a diamond — microwave chemistry 
gaseous-phase vacuum evaporationo (CVD) — law (for example, refer to 
JP,59-27754,B and JP,61-3320,B). A high frequency plasma-CVD method, a heat 
filament CVD method, the direct-current-plasma CVD method, the plasma jet 
process, the combustion method, the heat CVD method, etc. are known. In these 
vapor phase synthetic methods, there is the description that a film-like diamond is 
obtained by low cost and the large area. 

[0026] Generally the diamond film by which gaseous-phase composition was carried 
out at non-diamond substrates, such as Si, is the polycrystal which the diamond 
particle condensed at random, however, the composition of the tropism of your kind 
consideration for which the diamond crystal grain child gathered with the direction 
about 1 law is also reported, and excelling the case where the polycrystal film is 
used in thermal resistance is reported. Furthermore, it is also reported to the 
platinum single crystal side by recently that the diamond film with which a grain 
boundary is not seen grows by gaseous-phase composition, and it is thought by it 
that the thermal resistance of such film is close to a bulk diamond. 
[0027] 

[Example] An example is explained referring to a drawing. Drawing 1 and drawing 2 
show the infrared light source L of the 1 st example. In these drawings, it is the 
diamond film with which 1 was carried out at the insulating substrate and 
gaseous-phase composition of 2 was carried out on the top face of this insulating 
substrate 1, and ■:, is the p type semiconductor diamond film (the p type 
semiconductor diamond film is hereafter expressed with sign 2P) in this example. 3 
is an electrode which sets proper spacing on this top face of p type semiconductor 
diamond film 2P, and is formed in it And unlike other, partial 2bs of p type 
semiconductor diamond film 2P, as shown in drawing 2 , partial 2a between two 
electrodes 3 of p type semiconductor diamond film 2p has a long and slender 
flat-surface configuration, and is formed in the condition of having moved in a zigzag 
direction, and becomes an infrared light-emitting part. 1a is the etching section 
deleted by etching in the part corresponding to light-emitting part 2a of an insulating 
substrate 1. 

[0028] As said insulating substrate 1, Si substrate which formed nitrides (Si3 N4 
etc.) in the front face, for example can be used, and p type semiconductor diamond 



film 2P are formed in the top face of this nitride. And although what contains at 
least one or more elements chosen from Pt, Au, Mo, nickel, W, and Ti as an 
ingredient of an electrode 3 can be used, it is most desirable to use Pt alone. 
Moreover, the laminating of the Pt may be carried out, and an electrode 3 may be 
formed in Ti (10-500A), or you may form with the alloy ingredient which mixed Ti 
(0.1 - 5%) with Pt. 

[0029] Drawing 11 shows an example of microwave CVD system 4 for carrying out 
gaseous-phase composition of p type semiconductor diamond film 2P to the nitride 
front face of an insulating substrate 1, and they are the coil with which 5 consists of 
a quartz in this drawing, and the waveguide formed as crossed at right angles in a 
coil 5 and 6. The inlet 7 of material gas is formed in the end side of a coil 5, and the 
exhaust port 8 which stands in a row in the passage equipped with the vacuum pump 
which is not illustrated is formed in the other end side. 9 is a substrate holder with 
which the location is adjusted by the centering-control means 10. The microwave 
power source 1 1 is formed in the end side of a waveguide 6, and the reflecting plate 
13 equipped with the plunger 12 is formed in the other end side. 14 is an isolator and 
1 5 is a tuner. 

[0030] In order to carry out gaseous-phase composition of p type semiconductor 
diamond film 2P on an insulating substrate 1 using above-mentioned microwave CVD 
system 4, an insulating substrate 1 is first held to the substrate holder 9. And while 
holding to a sink what added 0.01-100 ppm (B-2 H6) of diboron hexahydrides to the 
hydrogen and methane mixed-gas 100sccm diluted with hydrogen gas to 0.2 - 5% 
and holding the inside of a coil 5 as material gas in a coil 5 at 30 - 60Torr, the 
temperature of an insulating substrate 1 is held at 750-890 degrees C, and the 
microwave power of 300-500W is given in the condition. Said material gas serves as 
plasma 16 with the electron excited by microwave, this carries out gaseous phase 
reaction on an insulating substrate 1, and diamond structure is formed. Thus, if 
gaseous-phase composition is continued for 20 hours, p type semiconductor 
diamond film 2P [ with a thickness of 10 micrometers ] will be formed on an 
insulating substrate 1. 

[0031] (Boron B) doping concentration in said p type semiconductor diamond film 2P 
is 1016-/cm3 - 1022-/cm3. The said concentration is desirable. For this, the 
concentration of B doping is 1016-/cm3. If low, it will become high resistance, and it 
is 1022-/cm3. When it exceeds, it is because the crystallinity of p type 
semiconductor diamond film 2P worsens. 

[0032] The insulating substrate 1 in which said p type semiconductor diamond film 



2P were formed is taken out from microwave CVD system 4, and it is made the 
configuration where band-like [ long and slender ] moved center-section 2a of p 
type semiconductor diamond film 2P in a zigzag direction covering predetermined die 
length with the photolithography technique. This center-section 2a becomes a 
light-emitting part. . 

[0033] Subsequently, the insulating substrate 1 in which said light-emitting part 2a 
was formed is set in- a vacuum evaporation system, Pt is vapor-deposited on the top 
face of p type semiconductor diamond film 2P of the both sides of said 
light-emitting part 2a, and an electrode 3 is formed in it. Furthermore, the infrared 
light source L shown in drawing 1 and drawing 2 is acquired by etching and removing 
the part corresponding to light-emitting part 2a of an insulating substrate 1. 
[0034] Thus, when the constituted infrared light source L impresses an electrical 
potential difference to said electrode 3, light-emitting part 2a generates heat and 
emits light, and desired infrared radiation is emitted. 

[0035] And in said infrared light source L, while excelling in endurance for the 
stability of the diamond film 2, the temperature can be **(ed) and lowered according 
to heat capacity being small at high speed. Moreover, the whole configuration is 
compact. 

[0036] moreover — since light-emitting part 2a consists of p type semiconductor 
diamond film 2P B dope of was done in said infrared light source L — the resistance 
— a negative temperature coefficient — having — a thermistor — ** — it carries 
out and the temperature of the light source itself can be measured. And 
temperature can be kept constant by controlling a current so that said resistance 
becomes fixed. 

[0037] Drawing 3 and drawing 4 show the infrared light source L of the 2nd example. 
The diamond film 2 formed in the top face of an insulating substrate 1 consists of p 
type semiconductor diamond film 2P and diamond film 2U of undoping, and the 
infrared light source L in this example forms undoping diamond film 2U in an 
insulating substrate 1, and is carrying out the laminating of p type semiconductor 
diamond film 2P to the top face of this undoping diamond film 2U. Other 
configurations are the same as it of the 1st example of the above. 
[0038] Said undoping diamond film 2U can be formed using microwave CVD system 
4 shown in drawing 1111 . That is, an insulating substrate 1 is held to the substrate 
holder 9. And while holding to a sink the hydrogen and methane mixed-gas 100sccm 
diluted with hydrogen gas to 0.2 - 5% and holding the inside of a coil 5 as material 
gas in a coil 5 at 30 - 60Torr, the temperature of an insulating substrate 1 is held at 



750-890 degrees C, and the microwave power of 300-500W is given in the condition. 
Said material gas serves as plasma 1 6 with the electron excited by microwave, this 
carries out gaseous phase reaction on an insulating substrate 1, and diamond 
structure is formed. Thus, if gaseous-phase composition is continued for 20 hours, 
with a thickness of 10 micrometers undoping diamond film 2U will be formed on an 
insulating substrate 1. 

[0039] Then, after forming p type semiconductor diamond film 2P and an electrode 3 
in the top face of undoping diamond film 2U with the same procedure as: the 1st 
example of the above, the infrared light source L as shown in drawing 3 and drawing 
4 can be acquired by processing similarly.. 

[0040] Actuation of the infrared light source L of this 2nd example is the same as 
the thing of the 1st example of the above. And the 1st example of the above boils 
the infrared light source L of this 2nd example, in addition it does the following 
effectiveness so. That is, since the diamond film 2 carries out the laminating of p 
type semiconductor layer 2P on undoping layer 2U, homoepitaxial growth becomes 
possible and a film property becomes homogeneity. 

[0041] In addition, in this 2nd example, although not illustrated, even if the undoping 
layer of the top face of p type semiconductor layer 2P commits the passivation 
which is p type semiconductor layer 2P and a front face is somewhat etched with 
the oxygen in atmospheric air by carrying out the laminating of the undoping layer to 
the top face of p type semiconductor layer 2P further, p type semiconductor layer 
2P are not affected. 

[0042] Drawing 5 shows the infrared light source L of the 3rd example. The infrared 
light source L in this example is 3-1023/cm3 of 1020-/cm about B doping 
concentration in p type semiconductor diamond film 2P of electrode 3 directly under. 
It is what was made into the said high concentration, and the sign 17 in drawing 
shows the high concentration B doping section. Thus, the actuation and 
effectiveness of the infrared light source L which were constituted do so the 
effectiveness that it is the same as that of said 2nd example, and contact resistance 
can be further reduced by doping directly under electrode 3 to high concentration 
(heavy dope). 

[0043] In addition, as shown in above-mentioned drawing 5 , it cannot be 
overemphasized that making B doping concentration in p type semiconductor 
diamond film 2P of electrode 3 directly under into high concentration may apply also 
to said 1st example and 2nd example. 

[0044] Moreover, in each above-mentioned example, when the diamond film 2 makes 



the all independence nature, an insulating substrate 1 can be omitted. And it is good 

only also considering light-emitting part 2a of the diamond film 2 as independence 

nature, and it good to form an insulating substrate 1 in this case. 

[0045] And although diamond film 2 itself was used as the infrared emitter in each 

above-mentioned example, this invention is not restricted to this and can be the 

following. 

[0046] Drawing 6 and drawing 7 show the infrared light source L of the 4th example. 
The infrared light source L in this example forms the conductive thin film 18 in the 
top face of the diamond film 2, and is using this conductive thin film 18 as an 
electrode-cum-the light-emitting part. That is, for example, undoping diamond film 
2U is formed in the top face of an insulating substrate 1, metals, such as Pt, are 
vapor-deposited on the top face of this undoping diamond film 2U t and the 
conductive thin film 18 is formed in it. And center-section 18a of the conductive 
thin* film 18 is made into the long and slender band-like configuration where it moved 
in a zigzag direction, with a photolithography technique covering predetermined die 
length, use it as a line wire light-emitting part, and let the both-ends 18b be an 
electrode. 

[0047] Thus, when constituted, according to the heat capacity of the diamond film 2 
being small, ** and a temperature fall are quick, and since it is the stability of the 
diamond film 2, change of diffusion of the conductive thin film 18 etc. can acquire 
the infrared light source L with little high endurance. 

[0048] And in this 4th example, the diamond film 2 may consist of p type 
semiconductor diamond film 2P. When it does in this way, temperature can be 
uniformly held like the 1st example. 

[0049] Drawing 8 shows the infrared light source L of the 5th example. The infrared 
light source L in this example is what constituted the diamond film 2 from p type 
semiconductor diamond film 2P and diamond film 2U of undoping, forms undoping 
diamond film 2U in an insulating substrate 1 , and is carrying out the laminating of p 
type semiconductor diamond film 2P to the top face of this undoping diamond film 
2U. Other configurations are the same as that of the 4th example of the above. 
[0050] Drawing 9 shows the infrared light source L of the 6th example. The infrared 
light source L in this example the diamond film 2 (it may be p type semiconductor 
diamond film 2P, or you may be undoping diamond film 2U) Set the center section to 
self-standing partial 2j, and the both sides are used as 2h of non-selFstanding parts.. 
While using as the light-emitting part of predetermined thickness partial 18a 
corresponding to self^standing partial 2j of the conductive thin film 1 8 formed on 



this diamond film 2, thickness of partial 18b corresponding to 2h of 
non-seK^standing parts is made larger than that of said light-emitting part 18a. 
[0051] Drawing 10 shows the infrared light source L of the 7th example. The infrared 
light source L in this example forms the electrode 19 for electric resistance 
measurement in the top face of an insulating substrate 1, subsequently, leaves some 
electrodes 19, forms p type semiconductor diamond film 2P, carries out the 
laminating of the undoping diamond film 2U to that top face, and forms in the top 
face of this undoping diamond film 2U the same conductive thin film 1 8 as what is 
shown in drawing 9 R> 9. * 
[0052] Thus, since it sets to the constituted infrared light source L and the 
temperature of light-emitting part 18a can be measured or presumed, temperature 
control of light-emitting part 18a can be performed with a more sufficient precision. 
[0053] this invention is not restricted to an above-mentioned example, can deform 
into versatility and can be carried out. For example, two or more light-emitting parts 
may be formed in the shape of one insulating-substrate 1. And it is not necessary to 
make the configuration of light-emitting parts 2a and 18a not necessarily move in a 
zigzag direction, and you may change it into the condition of having continued this 
part, and it may be made into various pattern configurations, moreover, the diamond 
film 2 — or (100) (111) long-term degradation of the diamond film 2 can be reduced 
by considering as your kind consideration tropism film by which orientation was 
carried out. 
[0054] 

[Effect of the Invention] This invention is carried out with the above gestalten and 
does the following effectiveness so. 

[0055] Since a diamond is used as a component and heat capacity is small while 
excelling in thermal resistance, the infrared light source of this invention can be 
**(ed) and lowered at high speed, and is excellent in responsibility. Moreover, the 
whole configuration is compact. 

[0056] And since the resistance has a negative temperature coefficient when a 
light-emitting part consists of p type semiconductor diamond film of which B dope 
was done, the temperature of the light source itself can be measured. And 
temperature can be kept constant by controlling a current so that said resistance 
becomes fixed. 

[0057] Moreover, when the laminating of an undoping layer and the p type 
semiconductor layer is carried out in this order and the diamond film is formed, a p 
type semiconductor layer can be grown homoepitaxially and a film property becomes 



homogeneity. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section showing the infrared light source of 
the 1st example. 

[Drawing 2] It is the perspective view showing said whole infrared light source 
configuration. 

[Drawing 3] It is drawing of longitudinal section showing the infrared light source of 
the 2nd example. 

[Drawing 4] It is the perspective view showing said whole infrared light source 
configuration. 

[Drawing 5] It is drawing of longitudinal section showing the infrared light source of 
the 3rd example. 

[Drawing 6] It is drawing of longitudinal section showing the infrared light source of 
the 4th example. 

[Drawing 7] It is the perspective view showing said whole infrared light source 
configuration. 

[Drawing 8] It is drawing of longitudinal section showing the infrared light source of 
the 5th example. 

[Drawing 9] It is drawing of longitudinal section showing the infrared light source of 
the 6th example. 

[Drawing 10] It is drawing of longitudinal section showing the infrared light source of 
the 6th example. 

[Drawing 1 1] It is drawing showing an example of a microwave CVD system roughly. 
[Description of Notations] 

1 [ — The undoping diamond film 2a / — A light-emitting part, 3 / — An electrode, 
18 / — A conductive thin film, 18a / — Light-emitting part. ] — An insulating 
substrate, 2 — The diamond film, 2P — The p type semiconductor diamond film, 2U 



